We used state-linked birth certificate and hospital discharge (mother and neonate) data to calculate prenatal drug exposure and neonatal abstinence syndrome rates, and compared state neonatal abstinence syndrome rates with national-level data from the Nationwide Inpatient Sample. We identified the drugs of exposure, examined predictors of drug exposure and neonatal abstinence syndrome, and assessed perinatal outcomes among drug-exposed and neonatal abstinence syndrome-diagnosed neonates compared with unexposed neonates. CONCLUSION: Maternal use of illicit and prescription drugs was associated with considerable neonatal morbidity and significantly higher rates of drug exposure and neonatal abstinence syndrome in recent years. Data suggest that opioid analgesics contributed to the increase in prenatal drug exposure and neonatal abstinence syndrome in Washington State. In accordance with current guidelines, our findings emphasize the need for clinicians to screen pregnant women for illicit and prescription drug use and minimize use of opioid analgesics during pregnancy.
I
n utero exposure to illicit drugs, including street and prescription drugs used nonmedically, as well as methadone prescribed as treatment for opiate addiction can have negative effects on fetal development and potentially on subsequent infant, child, and adult health. 1, 2 Prematurity, fetal growth restriction, and neonatal abstinence syndrome are well-established immediate effects of prenatal exposure to certain drugs. [1] [2] [3] The latter represents a constellation of behavioral and physiological signs and symptoms that occur in a newborn exposed to addictive illegal or prescription drugs while in the uterus, and, depending on exposure patterns, may require significant pharmacologic intervention. 3 The 2009 National Survey on Drug Use and Health, the primary source of statistics on illicit drug use in the United States, estimates that 4.5% of pregnant women (15-44 years) used illicit drugs in the month before the survey. 4 Although the prevalence of illicit drug use among pregnant women does not appear to have changed since the early 2000s, 4, 5 the types of drugs that pregnant women are using may have shifted. 4 One recent study found that prevalence of chronic medical use of prescription narcotics during pregnancy increased significantly from approximately 2.5 per 1,000 deliveries in 2000 to over 10.0 per 1,000 deliveries in 2008. 5 This is consistent with the documented increase in therapeutic and nonmedical use of prescription pain relievers in the United States. 6, 7 Rates of past-year nonmedical use of prescription pain relievers for all individuals 12 years of age or older and rates of past month illicit drug use among individuals 26 years of age or older in Washington State have consistently been among the highest in the country. 4 Moreover, trend data on drug abuse in Washington State show that numbers of overdose hospitalizations and deaths related to use of prescription opiates were four and five times, respectively, higher in 2008 than in 1999. 8 Population-based linked maternal and infant data from Washington State present an opportunity to estimate how the high drug use rate and increased abuse of prescription opiates in the state affect pregnant women and neonates. This study aims to: 1) estimate trends in prenatal drug exposure and neonatal abstinence syndrome rates in Washington State and compare the latter with corresponding neonatal abstinence syndrome rates in the United States; 2) identify the types of drugs resulting in prenatal drug exposure and neonatal abstinence syndrome; 3) estimate predictors of prenatal drug exposure and neonatal abstinence syndrome; and 4) assess perinatal outcomes among drug-exposed and neonatal abstinence syndrome-diagnosed neonates in Washington State.
MATERIALS AND METHODS
We used 2000 -2008 data from the Birth Events Records Database maintained by the Washington State Department of Health. The data consist of infant birth certificates linked to birth hospitalization discharge data for infants and mothers. The Washington State Department of Health receives the data electronically with the exception of 1% of birth certificates being filed as paper forms and performs a range of data quality procedures and consistency checks before making the data available for analysis; detailed information on the data and data quality procedures can be found elsewhere. 9 The analysis was restricted to state-resident mothers who delivered in nonmilitary hospitals in Washington State. We identified prenatal drug exposure and neonatal abstinence syndrome using the International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) codes from the maternal and infant hospital discharge data as shown in Table 1 . To provide a Because ICD-9-CM coding lacks the detail necessary to differentiate between illicit and prescription drug use for most drug exposure diagnoses, we can only categorize drug exposure into broad drug categories: 1) opioids and related narcotics (including heroin, opioid analgesics, and methadone); 2) cocaine; 3) other psychotropic drugs (including sedatives, hypnotics, and tranquilizers); and 4) other or unspecified drugs. To the extent possible, we separately explored opioid exposure resulting from heroin (ICD-9-CM 965.01, E850.0, E935.0) and prescription opioids including methadone (ICD-9-CM 965.02, 965.09, E850.1, E850.2, E935.1, and E935.2). The contribution of these drug categories and of multidrug use to prenatal drug exposure and neonatal abstinence syndrome in Washington State was calculated for 2000 -2008. We could not conduct the same analysis using the Nationwide Inpatient Sample data and provide a meaningful Washington State-U.S. comparison due to confidentiality laws by which some data sources contributing data to Nationwide Inpatient Sample restrict discharge records indicating chemical dependency. 10 In the absence of a unique identifier, five variables (zip code, year of birth, race, ethnicity, and education) were used to identify "repeat mothers" (women with more than one delivery or multiple births [ie, twins]). We investigated the effect of clustering from multiple records (ie, repeat mothers) using generalized estimating equations. Multivariable logistic regression models with generalized estimating equations and an exchangeable working correlation matrix were computed using pooled 2000 -2008 Birth Events Records Database data to identify predictors of drug exposure and neonatal abstinence syndrome using drug-unexposed neonates as the reference group. We explored the influence of several factors reported on the birth certificate (neonatal sex, maternal age, maternal race or ethnicity, marital status, parity, education, and pregnancy trimester at onset of prenatal care) as well as presence of maternal mental health disorders (ICD-9-CM 290.x, 293.x-319.x) and the payer source for index delivery from hospital discharge data.
Generalized estimating equation methods were also used to examine perinatal outcomes among drug-exposed and neonatal abstinence syndrome-diagnosed neonates compared with drug-unexposed neonates. Specifically, we fitted univariable logistic regression models for the following perinatal outcomes: neonate's mode of delivery (vaginal or cesarean), preterm birth (gestational age less than 37 weeks), low birth weight (less than 2,500 g) as recorded on birth certificates, presence of disorders relating to short gestation and low birth weight (ICD-9-CM 765.0x, 765.1x), feeding problems (ICD-9-CM 779.3x), respiratory distress syndrome (ICD-9-CM 769.x) and other respiratory conditions (ICD-9-CM 770.x) as noted on infants' birth hospital discharge records, and univariable linear regression models for: birth weight as recorded on birth certificates and the length of birth hospitalization. Drug exposure and neonatal abstinence syndrome, respectively, were the covariates of interest in all univariable models. Because relationships between drug exposure and neonatal abstinence syndrome and neonatal feeding problems, respiratory distress syndrome, other respiratory conditions, and length of birth hospitalization may be confounded by low birth weight or prematurity, for these four outcomes, we estimated both low birth weight-adjusted models and prematurity-adjusted models. Separately, for all outcomes, we also estimated models adjusted for three proxy variables for maternal heavy drinking (ICD-9-CM 303.x, 305.0, 292.x, 980.x), heavy smoking (ICD-9-CM 305.1, 649.0), and maternal nutritional deficiencies (ICD-9-CM 648.9, 260.x-269.x, 799.4, V12.1).
All statistical analyses were conducted using STATA 10. Both Birth Events Records Database and Nationwide Inpatient Sample data are publicly available and do not include any personal identifiers; thus, the study was considered exempt from review by the institutional review board at the Centers for Disease Control and Prevention.
RESULTS
Between 2000 and 2008, there were 709,948 births to Washington State-resident women occurring at nonmilitary hospitals in Washington State. Of these, 669,451 records in Birth Events Records Database had complete data (ie, birth certificate, mother and infant birth discharge records) corresponding to a population-level data linkage rate of 94.3%. Our ICD-9-CM-based algorithm identified 9,024 (1.3%) drug-exposed neonates. Drug exposure rates increased from 10.6 per 1,000 births in 2000 to 16 The vast majority of 2000 -2008 drug-exposed neonates in Washington State were exposed prenatally to psychotropic drugs other than opioids or cocaine (Fig. 2) . Similar proportions of neonates were exclusively exposed to such drugs in 2000 (43.5%) and 2008 (41.9%). Prenatal exposure to opioids (including exposure among multidrug users) more than doubled (11.5% in 2000 compared with 24.4% in 2008) during the study period (data not shown) with 21.6% of neonates being exposed exclusively to opioids in 2008 (Fig. 2) . Only one case of heroin and 363 cases of prescription opioid (including methadone) poisoning were identified during the study period using the specific ICD-9-CM codes. Exposure to cocaine declined during the study period-20.5% of drug-exposed neonates were exposed to cocaine in 2000 compared with 10.5% in 2008 (data not shown, includes both exclusive and multidrug exposure). Although 15.0% of all drug-exposed neonates were exposed to cocaine alone in 2000, this proportion declined to 6.9% in 2008 (Fig. 2) . A relatively smaller proportion of neonates was identified as having been exposed to multiple drugs (6.5% in 2000 compared with 5.4% in 2008). The specific category of drugs to which neonates were exposed is unknown for approximately one-fourth of all neonates each year during the study period.
The proportion of neonatal abstinence syndrome-diagnosed neonates exclusively exposed prenatally to opioids increased from 26.4% in 2000 to 41.7% in 2008 (PϽ.05; Fig. 2 ). In contrast, between 2000 and 2008, exclusive exposure to cocaine decreased from 6.9% to 0.8% and that to other psychotropic agents from 9.2% to 4.6%. For a considerable proportion of neonatal abstinence syndrome-diag- nosed neonates (49.4% in 2008), the type of drugs to which they have been exposed is unknown, whereas 3.5% of them are known to have been exposed to a combination of drugs.
No difference was observed in the proportion of male and female drug-exposed neonates, but male neonates appeared to be at slightly higher risk of being diagnosed with neonatal abstinence syndrome (adjusted odds ratio [OR] 1.2, 95% confidence interval [CI] 1.1-1.3) ( Table 2) . Neonates born to Native American or Alaska Native women were 1.8 (95% CI
abstinence syndrome when compared with those born to non-Hispanic white women. Interestingly, neonates of non-Hispanic African American women were as likely as those of nonHispanic white women to be exposed to drugs but less likely to be diagnosed with neonatal abstinence syndrome. The older the age of the woman, the more likely her newborn was to be exposed to drugs and diagnosed with neonatal abstinence syndrome. On the other hand, the more educated women were, the less likely their neonates were to be exposed to or affected by maternal drug use. Neonates born to unmarried women were 1.7 times (95% CI 1.2-2.5) more likely to be diagnosed with neonatal abstinence syndrome compared with married women. Women of higher parity were more likely than their counterparts to deliver drug-exposed neonates and have neonatal abstinence syndrome-diagnosed neonates.
Women with a diagnosis of mental health disorder were 3.7 (95% CI 3.4 -4.0) times more likely to have drug-exposed neonates and 4.3 (95% CI 3.6 -4.9) times more likely to have neonatal abstinence syndrome-diagnosed neonates.
Although women who initiated prenatal care in their second or third pregnancy trimester were between 1.5 and 2.7 times more likely to have drugexposed and neonatal abstinence syndrome-diagnosed neonates than women who started prenatal care in their first trimester, the lack of prenatal care increased the odds of women having drug-exposed and neonatal abstinence syndrome-diagnosed neonates by more than eight times. Women with private health insurance were less likely to use drugs during pregnancy and have a neonate diagnosed with neonatal abstinence syndrome than women who were on Medicaid.
Among neonates not exposed to drugs, 28.1% were delivered by cesarean, whereas 31.0% (PϽ.001) of drug-exposed neonates and 39.8% (PϽ.001) of those diagnosed with neonatal abstinence syndrome were cesarean deliveries ( Table 3 ). The mean length of birth hospitalization was 2.6 (standard deviation 6.3, median 2, range 0 -279) days for unexposed neonates compared with 6.5 (standard deviation 12.0, median 3, range 1-274; PϽ.001) days for drug-exposed neonates and 14.4 (standard deviation 14.3, median 10, range 1-169; PϽ.001) days for those diagnosed with neonatal abstinence syndrome. Neonates exposed to drugs in utero and diagnosed with neonatal abstinence syndrome weighed on average 326.9 g and 400.5 g less than those unexposed to drugs, respectively. Relative to unexposed neonates, those exposed to drugs had 2.6 -3.4 times the odds of being born preterm, low birth weight, having conditions relating to both short gestation and low birth weight, feeding problems, respiratory distress syndrome, or other respiratory conditions specific to the early neonatal period. Moreover, neonates diagnosed with neonatal abstinence syndrome were between 4.1 and 9.2 times more likely than drug-unexposed neonates to have the conditions noted previously. Importantly, these crude ORs declined by more than 10.0% for the associations between drug exposure and neonatal abstinence syndrome and birth weight, low birth weight, and feeding problems after adjusting for three important potential confounders: heavy drinking, heavy smoking, and maternal nutritional deficiencies, but their statistical significance did not change. As shown in Table 3 , ORs for the associations between perinatal outcomes and drug exposure and neonatal abstinence syndrome declined after adjusting for low birth weight or prematurity, but their statistical significance persisted.
DISCUSSION
This study uses population-level data to investigate patterns of maternal drug use and its effect on neonates in a U.S. state in recent years. Rates of neonatal drug exposure and neonatal abstinence syndrome increased significantly in Washington State during the study period, the latter following a similar but consistently higher trend than the U.S. neonatal abstinence syndrome rate. Since 2005, rates of prenatal drug exposure decreased by 17.0%, whereas neonatal abstinence syndrome rates plateaued in Washington State. Because opioids are the most frequent cause of neonatal abstinence syndrome, 5, 13 this finding is consistent with the observed increase in opioid exposure among neonates overall and among those diagnosed with neonatal abstinence syndrome, and supports our hypothesized shift in the types of drugs women use during pregnancy. This is not the only report that points toward a rise in opioid use by pregnant women in Washington State. Recently reported data from the Pediatric Interim Care Center in Kent, Washington, a "statewide model program" providing specialized care for drug-exposed newborns, show that the percentage of admitted neonates exposed to prescriptiontype opiates has doubled between 2005 and 2009. 8 This finding is consistent with a documented twofold increase in sales of opioid analgesics in Washington State in recent years (see the Appendix online at http://links.lww.com/AOG/A292) 14 and the current obstetric literature showing significant increases in use of prescription opioid analgesics among pregnant women. 5 The matching, yet slower rates of increase in both neonatal abstinence syndrome and opioid analgesic sales in the United States suggest that this practice may not be unique to Washington State. 14 Several factors associated with drug exposure and neonatal abstinence syndrome in Washington State are identified here. Male neonates are slightly more likely to be diagnosed with neonatal abstinence syndrome than females. Although based on administrative data, this finding is in line with results from studies finding higher neonatal abstinence syndrome scores and need for higher doses and longer neonatal abstinence syndrome treatment course for male than for female infants. 15 Neonates born to Native American and Alaska Native women are significantly more likely to be drug-exposed and diagnosed with neonatal abstinence syndrome than those born to nonHispanic white women. This finding is consistent with National Survey on Drug Use and Health data showing higher rates of drug use among Native American and Alaska Native men and women. 4 Neonates born to non-Hispanic African American women appear to be as likely as those born to non-Hispanic white women to be exposed to drugs prenatally but less likely to be diagnosed with neonatal abstinence syndrome. It may be that non-Hispanic African American women are more likely to use nonnarcotic drugs during pregnancy than non-Hispanic white women, as previously shown by Muhuri and Gfroerer. 16 Findings related to higher maternal education, 13, 17 age, 18 parity 13,18 and marital status 3, 13, 17 and the lower prenatal drug exposure and neonatal abstinence syndrome rates are in line with those found by other studies.
Although not the first study to show a relationship between drug use during pregnancy and mental health disorders, 3, 13, 19, 20 our study also ascertains the corresponding high use of psychotropic drugs like sedatives, hypnotics, and tranquilizers by pregnant women. This study is not without limitations. Underascertainment of drug exposure, neonatal abstinence syndrome, perinatal outcomes, maternal risk factors, and Medicaid coverage is possible with use of administrative data. 21 Of note, we assess maternal drug exposure using hospital discharge diagnosis codes at the time of delivery. Ebrahim and Gfroerer 17 used National Survey on Drug Use and Health data and estimated that 93.0% of women reporting illicit drug use early in pregnancy abstained by the third trimester. Thus, when compared with the 4.5% of all pregnant women reporting illicit drug use for National Survey on Drug Use and Health, 10 our capturing of 1.3% drug-using women at the time of delivery is highly plausible. Also, the algorithm developed for drug exposure and neonatal abstinence syndrome identification is a comprehensive ICD-9-CM-based algorithm but has not yet been validated against any other drug exposure and neonatal abstinence syndrome identification methods. Underestimation of drug exposure and neonatal abstinence syndrome may lead to conservative estimates of the associations of interest. Lack of information on maternal drinking and smoking patterns in Birth Events Records Database prevents us from providing conclusive evidence of the associations between drug exposure and neonatal abstinence syndrome and perinatal outcomes. Adjustment for proxy variables for heavy drinking, heavy smoking, and maternal nutritional deficiencies did not change the significance of the crude associations. However, separate adjustment for either low birth weight or prematurity reduced the magnitude of observed relationships, especially of those with neonatal abstinence syndrome. Given the many behavior factors associated with drug use, pregnancy, and perinatal outcomes, disentangling direct effects of drug use is challenging. 22 Like other studies that rely on administrative data, we were limited to routinely collected data; the accuracy and completeness of these data may depend on the variable under study. 23 For example, our inability to examine associations between specific types of drugs and perinatal outcomes is the result of the proportion of drug-exposed and neonatal abstinence syndrome cases with an "unknown" type of drug. Moreover, it is impossible to determine from these data how many women used prescription drugs and whether they were using them medically (eg, chronic pain, methadone treatment) or nonmedically. Thus, data are also prone to over-ascertainment (ie, diagnosis suspicion bias) of drug exposure (ie, women using drugs therapeutically and those perceived to be at "high risk" for drug use may be more likely to receive a drug use diagnosis at hospital discharge) and neonatal abstinence syndrome (ie, diagnosis differences between health care providers); this may have led to overestimation of assessed associations. Research has shown that the timing, duration, and amount of drug exposure can greatly affect perinatal outcomes, 24 and we were not able to control for these exposure patterns. Future studies should include objective measures of specific drugs and drug exposure patterns, assess outcomes among women on methadone maintenance separately, and explore timing and dose-response relationships.
This study has important clinical, societal, and public health implications. Clinicians should screen reproductive-aged women for drug use and refer them for treatment as recommended by the American College of Obstetricians and Gynecologists. 25 Also, their understanding of maternal drug use patterns is essential to tailoring peripartum care plans for drugexposed women and neonates. Management of pregnant drug-abusing patients may involve not only management of the primary abuse, but also of the use of multiple substances and of comorbid mental health or other medical conditions. As noted by Chou et al, 26 long-term use of opioid analgesics during pregnancy should be minimized. Treatment of substance abuse during pregnancy has been shown to increase fetal growth 27 and decrease the risk of poor outcomes 28 but is commonly associated with neonatal abstinence syndrome. 29 Multidrug use appears to be associated with greater and longer need of neonatal abstinence syndrome treatment 29, 30 ; thus, long-term monitoring of the health effects of some drug-exposed neonates may be needed. Programs tailored for drug-using pregnant women need to address factors contributing to their drug abuse and adverse perinatal outcomes such as women's reticence to access substance abuse treatment and prenatal care, their lack of medical insurance and social support, and poverty, especially in rural areas. Washington State has specialized programs providing comprehensive medical and recovery support for drug-abusing women and their neonates, which have been shown to improve medical and social outcomes 31 and lead to cost-savings for the health care system 32 ; programs like these need to continue. Evidence demonstrates that punitive measures are ineffective in reducing illicit drug use among pregnant women. 33, 34 Integrated prenatal care and drug abuse treatment may deliver benefits for both mothers and neonates, 35 but reducing drug use before conception and starting treatment early in pregnancy are paramount to reducing maternal drug abuse and its negative effects.
